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Abstract: Worldwide there are greater than 4,100 species of PPNs. The most common opponent of agricultural production is
PPNs. Plant parasitic nematodes (PPN) cause substantial economic destruction to an extensive range of crops. Nematicide
Chemicals are considered the furthermost operative method in reducing nematodes population. Increasing concern over
chemical nematicides has increased interest in safe alternative methods to minimize these losses. This review focuses on the
role of bio-fumigation against PPNs in sustainable agroecosystems. Bio-fumigation is a long-term approach for controlling
diseases, nematodes, insects, and weeds in the soil. It was originally defined as the pest-controlling effect of decomposing
Brassica tissues, but it was later broadened to include animal and plant leftovers. Glucosinolates are the principal active molecule
responsible for the bio-fumigation process in various plants. Plant age and tissue type influence glucosinolate accumulation and
myrosinase activity, which are influenced by environmental factors such as planting density and herbivory. Glucosinolates are
sulphur-containing chemicals produced by the secondary metabolism of plants in the order Capparales, which includes the
Brassicacea family among others. Natural antimicrobials and anti-carcinogenic agents, glucosinolates are well-known. Therefore,
researchers should have to focus on environmentally save methods of plant parasitic nematode management like bio-fumigation.
This biofumigation may be replace the fumigant nematicides for future.
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prone to secondary Fungi and bacteria infections [26].
Because of their vast host range and fast pace of reproduction
(up to a thousand eggs per female), nematodes are difficult to
regulate [27]. Chemical nematicides are routinely used to
control nematodes, however they are hazardous to plants,

1. Introduction

PPNs are the most common hidden enemy to agricultural
crop production. Parasitize nearly all plant species and expose
the host to secondary infection [25]. Plant parasitic nematodes

are one of the most important and dangerous pest groups for
many crops, affecting both quantity and quality of crop
harvests. Root-knot nematodes (Meloidogyne spp.) are
considered, among all PPNs, to be the main agents that
damage crops worldwide [35]. In tropical climates, they are
even more menacing, as the environmental conditions favor
their development and reproduction [18]. They are responsible
for a ten percent reduction in annual global crop yields,
amounting to an estimated $173 billion in lost revenue per
year [8, 12]. However, the total losses caused by PPNs in
underdeveloped nations have yet to be calculated. In addition,
the roots affected and injured by this pathogen become more

pollute the environment, and deplete soil fertility. Furthermore,
they are dangerous and can lead to human poisoning,
particularly in underdeveloped nations [37]. Moreover,
chemical control is expensive, non-affordable and
economically viable only for high value crops [41]. These
synthetic soil fumigants are highly toxic to pests as well as
many beneficial soil organisms [37]. Many of these soil
fumigants are harmful to vertebrates, have a high cost, display
resistance, and have other negative environmental impacts [6].
Soil ecosystem disruption, resurgent epidemics, and fumigant
toxicity to humans and animals have all become major
concerns. As a result of all of these negative consequences,
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scientists are working to develop sustainable, economically
feasible, and non-polluting management approaches. It is
critical to take a holistic approach to nematode management,
taking into account cultural, biological, and chemical choices
as part of an integrated management approach.
Bio-fumigation, as  well as  modified/innovative
bio-fumigation, is a long-term solution for controlling
diseases, nematodes, insects, and weeds in soil. As a result,
plant-based nematicide has become a popular alternative in
recent years. Organic amendments were utilized by a large
number of researchers and plant protectionists. Concerns over
the usage of pesticides have sparked interest in developing
alternative pest management measures.

The overall goal of this review is to learn more about the
role of bio-fumigation in controlling plant parasitic nematodes,
with the following specific goals in mind: review the
glucosinolate content of various plant organs and stages,

review the difference between glucosinolate and
bio-fumigation, and review the factors that affect
glucosinolate content in plants.
2. Literature Review
2.1. Glucosinolates

Glucosinolates are the principal active molecule

responsible for the bio-fumigation process in various plants.
The leftover meal, after oil extraction, comprises a variety of
nutritional and anti-nutritional substances (e.g. glucosinolates,
sinapine and fiber). Glucosinolates, for example, have
anti-carcinogenic qualities in humans, anti-nutritional effects
of seed meal in animals, insect pest repellent and fungal
disease suppression capabilities [42]. Brassica products, such
as oil, meal, and veggies, contain a lot of glucosinolates,
which are significant for their nutritional characteristics [1].
Glucosinolates, on the other hand, are necessary for the plant's
resistance to pest insects. Myrosinase hydrolyzes
glucosinolates to create a variety of poisonous compounds,
including isothiocyanates and nitriles, in response to insect
feeding or mechanical disruption. Glucosinolates are degraded
by myrosinase in response to insect feeding or mechanical
disruption, forming a variety of poisonous compounds such as
isothiocyanates, nitriles, thiocyanates, and epithio-nitriles,
among others [17, 39]. Glucosinolate breakdown products
have sparked attention in organic pest management due to
their numerous harmful effects.

2.2. Bio-fumigation

Bio-fumigation is a term used to describe the process of
volatile pesticidal substances being emitted during the
decomposition of plant or animal matter [3, 31]. For the
destruction of plant-parasitic as well as other harmful soil
microorganisms, bio-fumigation is an environmentally benign
management strategy. The capacity of certain plants to
suppress nematodes through the nematicidal activity of
secondary metabolites has been demonstrated by numerous
investigations in the literature [4, 47]. Increasing and

A Review of Bio-Role Fumigation's in Plant Parasitic Nematode (PPNs) Control

combining the bio-fumigant plant enhances soil structure, aids
in weed control, lowers soil erosion, and offers organic matter
to the organic producer for managing diseases and pests, in
addition to giving some disease control [15]. The active
compounds' role in the direct suppression of nematodes, as
well as the secondary effect in the soil, determine the potential
for Brassicaceous amendment as part of an IPM method. The
secondary effect is important in enhancing microbial and other
microorganism diversity in the soil, and so can be expected to
boost competition among soil-borne illnesses in the
rhizosphere.

2.3. Type of Plants Known with Bio-fumigation

There are more than 350 genera and 3000 species in the
Brassicaceae (brassicas) family, several of which are known to
contain GSL. GSLs, on the other hand, aren't just found in
brassicas. At least 500 non-brassica dicotyledonous
angiosperm plants have been found to contain one or more of
the over 120 GSLs [13]. Each GSL has its own chemical
property and can be classified into one of three categories:
aliphatic, aromatic, or indole [47, 29]. Brassica oleracea,
Brassica rapa, Raphanus sativus, Brassica napus, Eruca sativa,
Brassica juncea, Brassica campestris, and different mustards
are among the plant species that are commonly considered for
bio-fumigation [24, 19, 9, 30]. According to Kwerepe and
Labuschagne [22], cruciferous residues at a rate of 60 kg/ha
resulted in a greater reduction of M. incognita. Crushed
cabbage leaves (B. oleracea) incorporated into the soil at 5 g
per pot, 10 days before transplanting tomato cv. Youssef and
Lashein [46] observed that crushed cabbage leaves (B.
oleracea) incorporated into the soil at 5 g per pot, 10 days
before transplanting tomato cv. Under greenhouse
circumstances, Super Strain B reduces the population of
root-knot nematodes.

2.4. Glucosinolate Content in Different Plant Organs

Plant parts and products used as organic nematode
amendments, particularly those with high nitrogen/carbon
ratios, have been shown to have nematicidal activity, owing to
the release of ammonia from plant residue during
decomposition in soil or an increase in the population of
antagonistic microorganisms [28]. Glucosinolates are found in
all parts of the plant, but their amounts vary greatly between
organs [14]. Several secondary metabolites, including as
terpenoids, alkaloids, and phenolic compounds, have been
shown to have nematicidal activity, and nemato-toxic
chemicals produced during the decomposition of plant waste
have been shown to diminish PPN root infection [40]. Four
theories are proposed whether GSLs were responsible for the
reduction of summer crops following rapeseed: I GSLs in
rapeseed leaves that are generally lost before harvest hinder
the growth of the following crop when the leaves decay. (ii)
GSLs in empty pod shells, stems, and branches thrown out by
combine harvesters, as well as many seeds left in shattered
pods, hinder the future crop's growth. (iii) GSLs in rapeseed
roots, which all stay in the soil after harvest, have an effect on
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later crop growth when the roots decay. (iv) The GSLs in early
plant tissues or living plants (volunteer seedlings) that
germinated from seeds left behind after harvest and emerged
together with.

2.5. Factors that Affect Glucosinolate Content in Plant

When determining plant sensitivity to infestation, changes
in the composition of glucosinolate molecules may be crucial
[21]. The concentration of glucosinolate changes greatly
between different phases of plant development, as well as
between different organs [35]. Plant age and tissue type
influence glucosinolate accumulation and myrosinase
activity, which are influenced by environmental factors like
as planting density and herbivory [45]. Genetic and
environmental factors, such as plant age, temperature, water
stress, and soil type, have been blamed for variations in the
amount and pattern of glucosinolates in Brassica plants. The
total glucosinolate concentration of rapeseed was
significantly affected by reproductive developmental phases
(FIS, FBS, and PMS) (Table 1). From flower initiation stage
(FIS) to full bloom stage, total glucosinolate content
increased (FBS). The amount of glucosinolate in the body
decreases as it approaches full maturity (PMS stage) [16].
Previous research on glucosinolate content in Brassica spp.
during the life cycle suggests that reproductive organs have
higher glucosinolate content than the other vegetative
portions [3]. The seed is the ultimate glucosinolate sink, and
seeds have the maximum glucosinolate content. The amount
of GSL in each plant part, stage of growth, and cultivar
varied dramatically. The GSL content of these seedlings'
leaves and roots was high [34]. At flowering, the GSL
content of rapeseed leaves is substantially lower than that of
stems and roots [32]. Rapeseed seedlings had a lot of little
roots and a lot of surface area, which could be one of the
explanations for the high GSL concentration in their roots

[34]. GSL concentrations in root tissue are higher in the early
stages of root formation and decrease as the root growth
cycle progresses. GSLs of various sorts can be found in the
roots and shoots of several plant species [43]. GSL levels are
determined by plant genetic characteristics, but they can also
change depending on environmental conditions and soil
sulphur supplies [8].

2.5.1. Soil Temperature

Green manure incorporation is not suggested at
temperatures below 0°C because low soil temperatures
impair the enzymatic response during bio-fumigation.
Degradation products appear to be immobilized in the
presence of organic debris, preventing them from reaching
the pests of interest [23].

2.5.2. Moisture

When dried leaf powder was utilized as an organic soil
amendment at a greater moisture level, the results were
marginally better than when the identical organic soil
additives were used at a lower moisture level. Because proper
moisture levels aided in the degradation of plant debris and the
release of active nematode-inhibiting nematicidal chemicals
into the soil [2].

2.5.3. Soil Depth

Roubtsova et al. [33] investigated the direct localized and
indirect volatile effects of supplementing M. incognita
infested soil with broccoli tissue. M. incognita was reduced by
31 to 71 percent in the altered 10cm layer of the tubes
compared to the non-amended layers, most likely due to a
nematicidal effect of released broccoli volatiles. These
findings show that fumigant nematicidal activity is limited,
and that its effectiveness is dependent on a thorough and equal
distribution of bio-fumigant material across the soil profile
where the target nematodes reside.

Table 1. Shows the effect of various reproductive developmental stages on glucosinolate content in Rapeseed —Mustard.

Year-2004-05

Year-2004-05

Year-2004-05

S1. No. S Mean* LS Mean* LS Mean*
Glucosinolate Glucosinolate Glucosinolate
Content (nmoles/g plant dry weight)  Content (umoles/g plant dry weight)  Content (umoles/g plant dry weight)
1 FIS 69.93° 70.93¢ 70.46°
2 FBS 111.88° 115.22° 114.07°
3 PMS 90.48" 86.38" 90.07°
CD Values at 5% 0.411 0.96 0.96

Source; Satoko, et al., (2010)

FIS=Flower Initiation Stage; FBS=Full Bloom Stage; and PMS= Pod Maturation Stage
*Means within a column with the same letters are not significantly different at P < 0.05.

3. Bio-fumigation and Plant Parasitic
Nematodes Control

Bio-fumigation can be employed independently or in
combination with other treatments such as sanitation, organic
amendments, and solarization [44, 5, 20]. Several
Brassicaceae species, such as mustards and cole crops, as well

as other species such as marigold, produce nematotoxic GSLs
and ITCs [47, 7]. Bio-fumigation has a wide range of effects
and does not necessarily harm non-PPNs. Many of these soil
fumigants are harmful to vertebrates, have a great charge,
display resistance, and have other negative environmental
impacts [6]. El-Sherbiny and Awd Allah [11] found that
pre-planting with air dried powders of several plants,
including cauliflower (a crucifer plant), minimized M.
incognita on tomato plants and increased plant growth
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parameters. According to Roubtsova et al., [33] bio-fumigants
must be distributed uniformly across the soil profile in order to
be effective against nematodes.

4. Conclusion and Recommendation

Finally, plant species with large quantities of GLNs have
gotten a lot of attention. The appropriate value of employing
bio-fumigant crops to farmers should be assessed based on a
number of parameters, including pesticide efficacy, crop
growth and yield, and production costs. Biofumigation has the
ability to efficiently control PPNs and is a long-term solution
that uses naturally occurring plant compounds to kill or get
Plant Parasitic Nematodes up and running. Bio-fumigant
crops and agronomic approaches improve sustainable
agricultural productivity by minimizing pesticide loads. It can
be concluded that bio-fumigations are a better alternative to
nematicides for controlling plant parasitic nematodes and
reducing environmental dangers for an ecologically safe
environment.
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